Objective. Illegal drug use is a persistent problem, prescription drug abuse is on the rise, and there is clinical evidence that drug use reduces driving performance . This study describes trends in characteristics of drivers involved in fatal motor vehicle crashes who test positive for drugs .
Results
. Drugged drivers who were tested for drug use accounted for 11 .4% of all drivers involved in fatal motor vehicle crashes in 2010 . Drugged drivers are increasingly likely to be older drivers, and the percentage using multiple drugs increased from 32 .6% in 1993 to 45 .8% in 2010 . About half (52 .4%) of all drugged drivers used alcohol, but nearly three-quarters of drivers testing positive for cocaine also used alcohol . Prescription drugs accounted for the highest fraction of drugs used by drugged drivers in fatal crashes in 2010 (46 .5%), with much of the increase in prevalence occurring since the mid-2000s .
Conclusions. The profile of a drugged driver has changed substantially over time . An increasing share of these drivers is now testing positive for prescription drugs, cannabis, and multiple drugs . These findings have implications for developing interventions to address the changing nature of drug use among drivers in the U.S.
Overall fatality rates from motor vehicle crashes in the United States, including those from drunk driving, have declined in recent years, 1, 2 but less is known about the trend in legal and illegal drug use and traffic fatalities involving drugged drivers in the U.S. 3 Empirical evidence from observational and clinical studies shows the negative influence of illegal drug use on driving behavior and crash risk. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] For example, cannabis has been shown to increase driving reaction times, impair time and distance estimation, and decrease motor coordination for up to three hours after dosage. 14 One study found that cannabis doubles the risk of being fatally injured in traffic and found large increases in the odds of injury when cannabis is combined with cocaine, alcohol, or benzodiazepines. 15 Another study showed that cannabis is the most frequently found drug among fatally injured drivers who were speeding at the time of the crash. 16 High doses of cocaine and methamphetamines are associated with aggressive and reckless driving behaviors. 14, [16] [17] [18] [19] A recent and growing body of epidemiological and clinical research also demonstrates the complex influence that prescription medications have on crash risk. [20] [21] [22] [23] [24] [25] [26] [27] [28] Results from these studies may be cause for concern in light of a recent report that prescription drug abuse is on the rise and is a growing public health problem. 29 We used population data to report on trends involving certain legal and illegal drugs in fatal motor vehicle crashes and describe the characteristics of people in crashes who tested positive for drugs.
MetHoDS

Data sources
We used the National Highway Traffic Safety Administration's (NHTSA's) Fatality Analysis Reporting System (FARS) to examine trends in the characteristics of drugged drivers and their involvement in fatal motor vehicle crashes. FARS is a census of all crashes on public roads that result in at least one fatality within 30 days of the crash. It provides detailed records for every crash compiled from several authoritative sources, including police, medical examiners, emergency medical technicians, and hospital providers, and contains detailed information on all occupants involved in the crash. If investigators suspect drug use by people involved in fatal crashes, blood and/or urine samples are collected from the driver or other vehicle occupants and sent to a laboratory for toxicology testing. Nicotine, aspirin, or any drug administered by emergency medical or hospital personnel after a crash are excluded from test results. Results from toxicology reports for each tested vehicle occupant are provided. More information on FARS is available elsewhere. 30 The study period was 1993-2010. Toxicology findings prior to 1993 are not available, and 2010 is the most recent year of data available from FARS. A total of 986,173 drivers aged 16 years or older were involved in fatal crashes during this period; 287,907 (29.2%) of these drivers were tested for drugs. Of the drivers who were tested for drugs, 184,554 (64.1%) tested negative, 60,560 (21.0%) tested positive and the drugs used were identified (excluding inhalants), 42,696 (14.8%) tested positive but the drugs were not identified by name, and 97 (,1%) tested positive for inhalants. A total of 128,602 (13.0%) drivers involved in fatal crashes were unknown to have been tested.
This study examines the 60,560 drivers who tested positive for at least one identifiable drug from 1993 to 2010. The distribution of tests given to drivers testing positive for drugs in 2010 was 87.0% blood testing only, 4.8% urine testing only, 7.2% both blood and urine testing, and 1.0% other testing. These findings compare with 66.2% blood testing only, 17.7% urine testing only, 14.5% both blood and urine testing, and 1.6% other testing in 1993.
Measures
FARS provides the drug names from positive drug testing, spanning 373 possible drugs in eight drug categories, including narcotics, depressants, stimulants, hallucinogens, cannabinoids, phencyclidine (PCP), anabolic steroids, and inhalants. Indeterminate drug results were coded as "other," "tested; results unknown," "tested; drugs found; type unknown," or "unknown if tested for drugs." We examined drugs classified by the U.S. Drug Enforcement Agency (DEA) into Schedules I-V. 31 Schedule I drugs include those determined by the DEA to "have a high potential for abuse, have no currently accepted medical use in treatment in the United States, and there is a lack of accepted safety for use of the drug or other substance under medical supervision."
Schedule II-V drugs may be prescribed by physicians for medical treatment but vary in their potential for drug abuse and psychological/physical dependence. 31 Schedule definitions and selected examples of these drugs are provided in Figure 1 . Schedule II-V drugs are defined as prescription drugs in the analysis. Inhalants such as volatile solvents, plastic cement, paint, and aerosols were excluded.
The most commonly abused illicit drugs identified in FARS-cannabis, cocaine (including crack), and methamphetamine-were examined separately and compared with prescription drugs. The cannabis variable includes all cannabinoid variants (e.g., delta 9, hashish, and tetrahydrocannabinol [better known as THC]). The cocaine variable includes cocaine and benzoylecgonine, a metabolite for cocaine. Prescription drugs are defined as other Schedule II-V drugs. Note that cocaine and methamphetamine are Schedule II drugs and, thus, may be prescribed for medical reasons; however, they are excluded from the definition of other Schedule II-V drugs.
Demographic variables included gender and age. We categorized driver's age as 16-29, 30-49, or $50 years of age. Other characteristics included whether the driver was drinking and U.S. Census region. We examined blood alcohol concentration (BAC) level using multiple imputation values for BAC provided by NHTSA. 32 We categorized the use of multiple drugs as testing positive for one, two, or $3 drugs. We also examined injury severity (none, nonfatal injury, or fatal injury) of drugged drivers.
Analytical plan
We examined all drivers testing positive for drugs and their motor vehicle crashes from 1993-2010. We also compared drugged drivers by cannabis, cocaine, methamphetamine, and prescription drug use in 2010. Trends in multidrug use are shown, and the most prevalent illicit and prescription drugs detected in drugged drivers are identified. We used Stata ® version 12 for all analyses. 33 reSultS From 1993 to 2010, the number of drivers tested for drugs among all drivers involved in fatal motor vehicle crashes increased from 1,631 to 2,363. Drugged drivers involved in fatal motor vehicle crashes in 2010 tended to be male (75.4%) and younger than 50 years of age (72.8%). However, the age distribution of drivers varied by drug type. For example, in 2010, 59.9% of cannabisonly users vs. 24.9% of prescription drug and 24.8% of cocaine-only users were younger than 30 years of age; 39.2% of prescription drug users were $50 years of age (Table) . In fact, the percentage of all drugged drivers aged $50 years increased from 14.4% in 1993 to 26.2% in 2010 (data not shown but available from the authors upon request).
The likelihood of having a positive BAC also varied by drug type. In 2010, 54.9% of drivers testing positive for cannabis only and 70.3% of drivers testing positive for cocaine only were also using alcohol at the time of the motor vehicle crash vs. 31.1% of drivers testing positive for prescription drugs (excluding cocaine and methamphetamines). For methamphetamine-only users, 31.5% were using alcohol. Cannabis-only motor vehicle crashes were more likely to occur in the Midwest (32.4%) and South (30.7%), but nearly half of cocaine (44.1%) and prescription drug (49.3%) crashes occurred in the South; together, 85.3% of crashes involving methamphetamine-only drivers occurred in the South and West. We did find a rising trend in the number of drugs detected among drugged drivers (Table) . The percentage of drivers detected with $3 drugs nearly doubled from 1993 to 2010, from 11.5% to 21.5% (p,0.001) ( Figure 2) . Figure 3 shows the percentage of drugged drivers in fatal crashes using cannabis, cocaine, methamphetamine, other Schedule I drugs, and other Schedule II-V (prescription) drugs. The percentage of drugged drivers testing positive for cocaine decreased during the study period. For example, the percentage of drugged drivers detected using cocaine fell from 20.6% in 1993 Figure 4 presents trends in drugged drivers' use of the most commonly prescribed medications as a percentage of all prescribed drugs, excluding cocaine and methamphetamine, for 1993-2010 (p,0.001 for each medication). The presence of diazepam (e.g., Valium ® ) steadily declined during the study period, from 18.5% of all prescribed medications used in 1993 to 8.4% of all prescribed medications used in 2010. The analgesic oxycodone (e.g., Oxycontin ® ) quickly increased in use after 1999, accounting for 10.2% of prescribed medications used by drugged drivers in 2010. The use of alprazolam (e.g., Xanax ® ) and hydrocodone by drugged drivers in fatal motor vehicle crashes also increased. In 2010, alprazolam, which is also a benzodiazepine, became the most commonly detected prescription drug used by drugged drivers. In 2010, 12.1% of detected prescription drugs were alprazolam followed by hydrocodone (11.1%), oxycodone (10.2%), and diazepam (8.4%). Year Percent
DiScuSSion
The findings in our study show that the share of drugged drivers in fatal motor vehicle crashes who tested positive for cannabis reached 36.9% in 2010 ( Figure 3 ). Our results indicate that drivers aged $50 years account for an increasing share of drugged drivers and for the highest proportion of prescription drug users. In fact, a study by the Substance Abuse and Mental Health Services Administration (SAMHSA) shows that the percentage of adults aged 50-59 years reporting illicit drug use more than doubled from 2002 to 2010, increasing from 3.4% to 7.2%. Also, consistent with our findings on gender differences, self-reported users of illicit drugs in the SAMHSA study were more likely to be male, with 11.2% of men vs. 6.8% of women reporting drug use. 34 Our results suggest that the share of drugged drivers testing positive for prescription drugs in motor vehicle crashes increased during the last decade; more drivers involved in fatal crashes tested positive for prescription medications than for any other drug type. This trend is consistent with an increase in the number of drugs being prescribed per capita since the 1990s. The number of annual prescriptions dispensed in the U.S. nearly doubled from 1993 to 2009, reaching 3.9 billion. The average number of prescriptions dispensed annually per person increased 62% during the study period, from 7.8 per person in 1993 to 12.6 per person in 2010. 35, 36 Unfortunately, a comprehensive study has not been performed examining trends in dispensed prescriptions having side effects that would compromise driving ability. Given the increase in prescription drug use, more research on trends in specific cognitiveimpairing prescription drugs is needed. Furthermore, many of these prescription drugs are abused; in fact, an estimated seven million people $12 years of age abuse prescription drugs in the U.S. 37 Much of the total volume of prescriptions dispensed is concentrated in older age groups. For example, 90% of people $65 years of age vs. 58% of people younger than 65 years of age have prescription drug expenses. 35 These percentages are consistent with our findings that an increasing portion of drugged drivers are older drivers, many of whom would be expected to take prescription medications. The New England Healthcare Institute estimates that poor medication adherence and suboptimal prescribing, drug administration, and diagnosis cost the U.S. economy nearly $300 billion annually. 38 Crashes involving drugged drivers using prescription medications are expected to further increase these economic losses.
Benzodiazepines such as alprazolam account for the highest percentage of prescription drugs used by drugged drivers in fatal motor vehicle crashes, followed by hydrocodone and oxycodone. Several studies have linked the use of benzodiazepines to increased crash risk resulting from their side effects of dizziness and drowsiness. 13, [21] [22] [23] [24] [25] [26] [27] [28] 39 For example, one study showed that errors in maintaining lane position while driving increased 50% for drivers who were prescribed alprazolam vs. a placebo. 24 Hydrocodone and oxycodone also impair critical thinking skills and increase drowsiness, and driving is not recommended for users of these medications. 40 Our findings suggest that the profile of the average drugged driver has changed over time, and there are reasons to believe this trend will continue for several more years. First, much of this trend is driven by prescription medication use. As the U.S. population ages, both the number and potency of prescription medications will likely rise as the population's health-care needs increase. Pharmaceutical management will also increase in complexity, with a higher prevalence of comorbidities in the aging population, which will further increase problems with drug side effects and harmful interactions. In fact, our study results show a possible relationship between certain drugs and using multiple drugs and mixing alcohol with drugs. This finding is consistent with findings from Gjerde et al. showing substantially higher odds of fatal injury for drivers using two or more drugs and mixing drugs with alcohol. 5 Results from another study on fatally injured drivers suggest that multidrug use and mixing drugs with alcohol are more likely to be associated with risky behaviors such as speeding and non-use of seatbelts. 16 Although prescription medications are expected to have substantial positive benefits in increasing quality of life and longevity, patients may not fully appreciate that some side effects can seriously compromise driving ability. Furthermore, opportunities for prescription drug abuse will continue to increase as the number of prescriptions per capita increases with an aging population.
Second, a large fraction of drugged drivers involved in fatal crashes tested positive for cannabis. Unless policy makers address this issue, perhaps by increasing penalties for drugged driving in localities with greater Year Percent accessibility to cannabis, the high incidence in drugged driver use of cannabis will likely continue. Currently, 18 states plus Washington, D.C., have legalized medical marijuana, and more state legislatures are considering similar policies. 41 At the same time, current state drug policies may not be effective in addressing the threat of drugged driving on traffic safety. For example, a recent study by Anderson and Rees concluded that per se drugged driving laws have not been effective in decreasing traffic fatality rates in states implementing these laws. 42 Policy makers should consider additional measures to increase primary prevention of drug use by drivers. For example, our study findings suggest that older drivers using drugs, including prescription medications, may be responsible for a growing share of road fatalities. Novel policies that examine the licensing of people who take multiple cognitive-impairing medications may be warranted in light of these findings. However, it may not be feasible and/or cost-effective to screen for medication use alongside a test for eyesight in a driver's licensing office. At a minimum, physicians should be encouraged to counsel their patients about the potential dangers of driving while taking cognitive-impairing medications. In addition, primary prevention of drugged driving may be enhanced with policies that increase affordable access to mass transit and other alternatives to driving, especially during the day, when our results suggest that a large fraction of fatal drugged-driving crashes occur.
Limitations
These results should be interpreted with the following limitations. First, these data relied on blood and/or urine testing of drivers suspected of drug use; as such, if law enforcement does not suspect drug use, cases of drugged driving will go unreported. In fact, Romano and Voas showed that only 12 states in 2005-2009 tested at least 80% of fatally injured drivers for drug use. 16 For this reason, our analyses were restricted to drivers who tested positive for drugs. However, the likelihood of being tested by law enforcement may Year Percent have systematically changed for specific drugs (e.g., marijuana vs. cocaine) over time. In addition, there may have been variation in laboratory testing procedures over time and across jurisdictions and in the sensitivity and reliability of these procedures. Our results indicate that blood tests have become more prevalent and urine tests have become less prevalent in testing drugged drivers.
Second, FARS provides no information on the time elapsed between the motor vehicle crash and drug testing. For example, the U.S. Department of Transportation currently requires commercial drivers involved in a fatal motor vehicle crash to be tested within 32 hours for drugs. 43 If the average delay between crash and testing was significant and systematically varied over time in the U.S., it may influence trends in the detection of certain drugs.
Finally, we cannot establish causality between taking certain drugs and involvement in a fatal motor vehicle crash. The pharmacological effects of certain medications (e.g., benzodiazepines) on driving have been studied, but there are no data in FARS concerning the degree of impairment a drugged driver may have experienced at the time of a crash. Thus, while our analysis documents the profile of drugged drivers in the U.S., we cannot make inferences as to the effect specific drugs have had on roadway safety.
concluSionS Concurrent with trends in prescribing drugs, more drugged drivers involved in fatal crashes are testing positive for prescription medications in recent years. Prescription medications have provided-and will continue to provide-many positive benefits in both improving quality of life and extending the lives of patients. However, people driving under the influence of prescription drugs seem to represent an increasing share of drugged drivers involved in fatal collisions. This trend is expected to continue with the aging U.S. population and as reliance on pharmaceutical treatment increases. More emphasis on the negative consequences of improper drug use and on side effects that negatively impact driving skills may be warranted in patient-physician discussions regarding pharmaceutical treatment.
The Robert Wood Johnson Foundation's Public Health Law
Research Program funded this work. This research was based on public-use secondary data files; therefore, institutional review board approval was not required. 
